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The histone demethylase KDM6B, also known as jumonji domain-containing protein 3 (JMJD3), is an epigenetic
regulator which plays important roles in immune activation, tissue regeneration, cellular senescence and cancer
metastasis. But, the role of KDM6B in glioma metastasis is poorly understood. In this study, we achieved tran-
scriptional regulation of KDM6B in glioma cells using CRISPR interference (CRISPRi) and CRISPR activation
(CRISPRa). Our results showed that KDM6B promotes the proliferation, migration and invasion of human
glioblastoma cells U87 and U251 using CCKS8, scratch and transwell assays. Further results indicated that KDM6B

increases the expression of SNAI1, a key factor of epithelial-mesenchymal transition (EMT). KDM6B catalyzes
the demethylation of histone H3 Lys 27 trimethylation (H3K27me3) in the promoter of SNAI1, which is im-
portant for SNAI1 upregulation. Taken together, these findings provide new insight into the mechanism by
which KDM6B promotes glioma metastasis.

1. Introduction

Histones constitute the core component of the nucleosome, the basic
unit of chromatin. Histone is not an inert structure, but has a wide
range of regulatory functions (Li et al., 2007). Histone modifications
regulate gene transcription by affecting chromatin compaction, DNA
accessibility and recruitment of transcription factors (Bannister and
Kouzarides, 2011). Histone methylation is an important and wide-
spread type of histone modifications (Greer and Shi, 2012). Histone
methylation is also a reversible process catalyzed by methyltransferases
and demethylases (Kooistra and Helin K, 2012).

Lysine demethylase 6B (KDM6B), also known as jumonji domain-
containing protein 3 (JMJD3), can catalyze demethylation of histone
H3 Lys 27 trimethylation (H3K27me3) (Lan et al., 2007; Agger et al.,

2007). Many studies have proved that KDM6B plays essential roles in
development, immune regulation and sex determination (Burchfield
et al., 2015; Ge C et al., 2018).

Abnormal expression or activity of KDM6B is closely related to
cancer development (Arcipowski et al., 2016). KDM6B expression is
upregulated in several cancers, such as Hodgkin's lymphoma (Anderton
et al., 2011), melanoma (Park et al., 2016), and renal cell carcinoma
(Shen et al., 2012). Our previous study showed that KDM6B is over-
expressed in glioma cells (Sui et al., 2017), and another study indicated
that higher levels of KDM6B are associated with the malignant grades of
glioma (Perrigue et al., 2015). But the detailed molecular mechanism
underlying KDM6B with glioma development remains to be further
studied.

In the current study, we achieved the KDM6B expression regulation
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with CRISPR interference (CRISPRi) and CRISPR activation(CRISPRa).
We further observed that the levels of KDM6B expression are associated
with cell proliferation, migration and invasion of gliomas. Our results
also indicated that KDM6B can increase the expression of EMT marker
SNAI1, and achieve the activity by decreasing the content of H3K27me3
in promoter region of SNAI1. Our findings revealed the role and po-
tential mechanism of KDM6B in gliomas metastasis, which is important
for diagnosis and therapy of malignant gliomas.

2. Material and methods
2.1. Cell culture

The human glioblastoma cell lines U87 and U251 were obtained
from Cell Resource Center, Chinese Academy of Medical Sciences
(Beijing, China). Both cells were maintained in Dulbecco's modified
Eagle's medium (DMEM, GIBCO, Grand Island, USA) supplemented
with 10% fetal bovine serum (FBS, Hyclone, Logan, USA) and peni-
cillin/streptomycin. Cells were cultured at 37 °C in a humidified at-
mosphere with 5% CO2.

2.2. CRISPR interference (CRISPRi)of KDM6B

For CRISPRi experiments, plasmid containing dead Cas9 (dCas9),
Kriippel associated box (KRAB) domain and single guide RNA (sgRNA)
was constructed by Syngentech (Beijing, China). The sequences of
sgRNA were listed in Table 1.

For plasmid transfection, U87 and U251 cells were plated at a
density of 1 x 10° per well of a 6-well plate. 1 g plasmid was trans-
fected by Lipofectamine 3000. At 48 h after transfection, the cells were
collected for extraction of total RNA or protein. The knockdown effi-
ciency was verified by qPCR and western blotting.

2.3. CRISPR activation(CRISPRa)of KDM6B

For CRISPRa experiments, plasmid containing dCas9, transcrip-
tional activator VP16 and sgRNA was constructed by Syngentech. The
sequences of sgRNA were also listed in Table 1. The procedure for
plasmid transfection is similar to CRISPRi experiments. The over-
expressed efficiency was detected by qPCR and western blotting.

2.4. RNA extraction and quantitative polymerase chain reaction (qPCR)

Total RNA was extracted with Trizol extraction kit (Invitrogen,
Carlsbad, CA, USA). 1ug RNA was used for each sample in a 20 pL
reaction using a reverse transcription (RT) Kit (TaKaRa, Dalian, China).
The gPCR reactions were prepared with a PCR kit (TaKaRa) and per-
formed on LightCycler480 System (Roche, Foster City, CA, USA). The
primers were synthesized by Sangon (Shanghai, China) and sequences
were as follows.

KDMG6B forward: 5-CACCCCAGCAAACCATATTATGC-3’;
reverse: 3’- CACACAGCCATGCA GGG ATT -5’.

SNAII forward: 5- AGATGAGCATTGGCAGCGAG -3’;
reverse: 3’- TCGGAAGCCTAACTACAGCGA -5’.

B-ACTIN forward: 5’-CCACTGGCATCGTGATGGACTCC-3’;

Table 1
sgRNA sequence of CRISPRi or CRISPRa for KDM6B.

Type sgRNA sequence(5’- 3’)

CRISPRa-sgRNA-1 TTCTCCTTAATGAGGGGGGC
CRISPRa-sgRNA-2 GATCGAGCCTGCTTCCCAAA
CRISPRi-sgRNA-1 GAGGAGTGTAGCAAGGAGTC
CRISPRi-sgRNA-2 GAGAAACCCCATATGTAATG
Control sgRNA GACTGGCGGAGCGTGCTATC
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reverse: 5-GCCGTGGTGGTGAAGCTGTAGC-3’.

All reactions were performed in triplicate. Relative mRNA expres-
sion was normalized to S-ACTIN.

2.5. Western blotting

Extraction of protein form cultured cells was performed with a
radioimmunoprecipitation assay (RIPA) buffer containing a protease
inhibitor cocktail and phenylmethylsulfonyl fluoride (PMSF). 50 ug
protein was separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene di-
fluoride (PVDF) membranes. The membranes were saturated with 5%
milk in TBST (50 mM Tris-HCl, 150 mM NaCl, 0.1% Tween-20) and
then incubated with primary antibodies at 4 °C overnight. The primary
antibodies used in this study included rabbit polyclonal antibodies
against KDM6B (1:1,000, Abcam, Shanghai, China), H3K27me3
(1:1000, Cell Signaling Technology, Danvers, MA, USA), SNAI1(1:1000,
Cell Signaling Technology), H3(1:1000, Cell Signaling Technology) and
B-ACTIN (1: 2,500, Abcam). The membranes were incubated with an
HRP-conjugated goat anti-rabbit antibody (1:5,000, Cell Signaling
Technology) for 2h at room temperature and then exposed to the en-
hanced chemiluminescence substrate (Millipore, Rockford, IL, USA).
Detection of the bands was performed using a fully automatic chemi-
luminescence image analysis system (TANON, Shanghai, China).

2.6. CCKS8 assay

Cell proliferation was examined using the Transdetect Cell Counting
Kit (Transgen, Beijing, China). U87 and U251 cells were grown in a 96-
well plate for 24 h, and transfected with CRISPRa or CRISPRi plasmid.
To measure the cell proliferation at 0, 24, 48, or 72 h after transfection,
10 pl of CCK-8 was added to each well and then the cells were cultured
for 1 h. Absorbance was measured at a wavelength of 450 nm. Assays
were repeated at least three times.

2.7. Scratch assay

The migration ability of U87 and U251 cells was analyzed with
scratch assay. Both cells were seeded into 6-well plates (Corning, NY,
USA), and transfected with CRISPRa or CRISPRi plasmid. A clear line
was drawn with a sterile pipette tip after 24 h transfection. The cultured
cells were imaged with light microscope at 0 h and 24 h. The relative
cell migration rate was calculated according to the position of the line
at Oh and 24 h.

2.8. Transwell assay

The invasion ability was evaluated with transwell assay. U87 and
U251 cells were transfected with CRISPRa or CRISPRi plasmid. After
24 h transfection, the cells were seeded in the upper chamber of the
insert (BD Biosciences, FranklinLakes, NJ, USA) at a density of
2 x 10 cells in 200 pL of serum-free DMEM. The bottom of the insert
contained DMEM with 10% FBS. After 24 h, the cells in the bottom of
the insert were stained with crystal violet and analyzed under light
microscope.

2.9. Chromatin immunoprecipitation (ChIP)

ChIP was performed with EZ-ChIP kit (No.17-371, Upstate,
Millipore, USA). Briefly, transfected U87 and U251 cells were chemi-
cally cross-linked by 1% formaldehyde and the reaction was stop by
adding 125 mM glycine. Cells were removed the medium and washed
twice with cold PBS. Cells were collected and then sonicated at 4 °C.
Lysates were clarified by centrifugation and supernatants were col-
lected. The diluted supernatants were incubated with primary
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antibodies KDM6B or H3K27me3 overnight at 4 °C with rotation. For
the negative control, rabbit IgG was added. Then, the protein G agarose
was added to incubate for 2h. Cross-links of protein-DNA complexes
were reversed by adding 0.2 M NaCl overnight incubation at 65 °C and
followed by protein digestion with proteinase K. Immunoprecipitated
DNA was purified and used for gene-specific qPCR. The primers were
synthesized by Sangon (Shanghai, China) and sequences were as fol-
lows. Forward: 5-GGCACGGCCTAGCGAGT-3’; Reverse: 5-AGTGGTC
GAGGCACTGGG-3’. The amplified fragment is located in -70 —1 up-
stream of SNAII.

2.10. Statistical analysis

Values are expressed as mean * standard deviation (SD) from at
least three independent experiments. The independent Student t-test
was used to compare the difference between two groups. A P value of
less than 0.05 was considered to be statistically significant.

3. Results
3.1. The repression of KDM6B is achieved with CRISPRi

In order to investigate the role and mechanism of KDM6B, expres-
sion regulation of KDM6B should to be achieved firstly. CRISPRi can
inhibit gene expression on the transcriptional level. Our results showed
that the mRNA levels of KDM6B were reduced by 58 percent and 55
percent in glioma cells U87 with sgRNA-1 and sgRNA-2 respectively in
CRISPRI assay, and by 52 percent and 61 percent in U251 (P < 0.05,
Fig. 1A and C). The KDM6B protein was obviously decreased while the
content of H3K27me3 increased (Fig. 1A and C). This means the gene
knockdown of KDM6B is achieved.

3.2. The activation of KDM6B is achieved with CRSIPRa

We also performed the CRISPRa assay. The results indicated that the
mRNA levels of KDM6B were increased by 3.8 folds and 4.3 folds in
glioma cells U87 with sgRNA-1 and sgRNA-2 respectively in CRISPRa
assay, and 4.5 folds and 3.3 folds in U251 (P < 0.05, Fig. 1B and D).
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The KDM6B protein was obviously increased while the content of
H3K27me3 decreased (Fig. 1B and D). These results mean that the gene
activation of KDM6B was achieved. The achievement of gene repression
and activation is essential for further studies on KDM6B's biological
function and mechanism.

3.3. KDM6B promotes cell proliferation of glioma cells

To determine the role of KDM6B on cell proliferation, we performed
CCK-8 assay. The results showed that knockdown of KDM6B inhibited
cell proliferation of U87 and U251, and overexpression promoted cell
proliferation (P < 0.05, Fig. 2). This result is consistent with our pre-
vious study (Sui et al., 2017).

3.4. KDM6B promotes cell migration of glioma cells

The overexpression of KDM6B in glioblastoma cell lines U87 and
U251 (Sui et al., 2017; Perrigue et al., 2015) suggested that KDM6B
may have a metastasis promoting role. To test the hypothesis, we ex-
amined the effect of KDM6B knockdown and overexpression on the
migration in U87 and U251 cells using scratch assay. Knockdown of
KDM6B significantly inhibited cell migration in both cell lines
(P < 0.05, Fig. 3). And, overexpression of KDM6B obviously enhanced
migration ability (P < 0.05, Fig. 3).

3.5. KDM6B promotes cell invasion of glioma cells

We next investigated the effect of KDM6B on invasion abilities of
U87 and U251 cells using in vitro transwell assay. Knockdown of
KDMB6B significantly suppressed cell invasive ability in both cell lines
(P < 0.05, Fig. 4). And, KDM6B overexpression significantly promoted
invasion of U87 and U251 cells (P < 0.05, Fig. 4).

3.6. KDMG6B increases the expression of SNAII in glioma cells

Previous studies showed that KDM6B can promote the expression of
SNAI1 in breast cancer cells (Ramadoss et al., 2012), but it is not clear
in glioma. qPCR experiments indicated that KDM6B increased the
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Fig. 1. The KDM6B expression and H3K27me3 content were regulated by CRISPRi or CRISPRa method. (A) U87 cells were transfected with CRISPRi plasmid
carrying CRISPRi-sgRNA-1/2 or control sgRNA, and KDM6B mRNA and protein were determined by qPCR or western blotting. (B) U87 cells were transfected with
CRISPRa plasmid carrying CRISPRa-sgRNA-1/2 or control sgRNA, and KDM6B mRNA and protein were determined by qPCR or western blotting. (C) U251 cells were
performed CRISPRi method. (D) U251 cells were performed CRISPRa method. Values are the mean of triplicate samples from a representative experiment. *,

P < 0.05.
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Fig. 2. KDM6B promotes cell proliferation of glioma cells. U87 and U251 cells were performed CRISPRi assay(sgRNA-1) and CRISPRa assay(sgRNA-1). Then,

CCK8 assay was performed to investigate the role of KDM6B on cell proliferation. (A) The growth curve of U87 cells. (B) The growth curve of U251 cells. Values are
the mean of triplicate samples from a representative experiment. *, P < 0.05.

mRNA levels of SNAII in U87 and U251 cells (P < 0.05, Fig. 5A and
B). Western blot analyses further showed that KDM6B regulated the
protein contents of SNAI1 in both glioma cells (Fig. 5C and D). All these
results demonstrated that KDM6B maybe affect the epithelial-me-
senchymal transition (EMT) of glioma cells.

3.7. KDMG6B regulates the H3K27me3 status in promoter of SNAI1

In order to investigate the potentially regulatory mechanism of
KDM6B on SNAII, the ChIP assays were performed using KDM6B or
H3K27me3 antibody in the SNAI1 promoter region. The data showed
that the contents of KDM6B were significantly reduced and the levels of
H3K27me3 were significantly increased on the SNAIl promoter in
KDM6B knockdown cells compared with control cells (P < 0.05,
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Fig. 3. KDM6B promotes cell migration of glioma cells. U87 and U251 cells were performed CRISPRi assay(sgRNA-1) and CRISPRa assay(sgRNA-1). Then, cell
scratch assay was performed to investigate the role of KDM6B in cell migration. (A) The migration of U87 cells. (B) Statistical analysis of U87 cell migration. (C) The
migration of U251 cells. (D) Statistical analysis of U251 cell migration. The relative migratory rate can be calculated as followed. The average scratch width at 0 h
minuses the width at 24 h, and then divides by the width at 0 h. Values are the mean of triplicate samples from a representative experiment. *, P < 0.05.
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Fig. 4. KDM6B promotes cell invasion of glioma cells U87 and U251. U87 and U251 cells were performed CRISPRi assay(sgRNA-1) and CRISPRa assay(sgRNA-1).
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The invasion of U251 cells. (D) Statistical analysis of U251 cell invasion. Values are the mean of triplicate samples from a representative experiment. *, P < 0.05.
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The qPCR results (top) and western results (bottom) of U251 cells. Values are the mean of triplicate samples from a representative experiment. *, P < 0.05.

Fig. 6A and B). On the contrary, the contents of KDM6B were sig-
nificantly increased and the levels of H3K27me3 were significantly
reduced on the SNAI1 promoter in KDM6B overexpressed cells com-
pared with control cells (P < 0.05, Fig. 6A and B). Thus, it is proved
that KDM6B can regulate SNAI1 expression by direct binding with
SNAII promoter and then reducing the H3K27me3 levels.

4. Discussion

Clustered Regularly Interspaced Short Palindromic Repeats/
CRISPR-associated protein (CRISPR-Cas9) is a prokaryotic immune
system and had been an important tool for gene/genome editing (Jinek

et al., 2012; Doudna and Charpentier, 2014). CRISPRi technique was
first reported based on CRISPR-Cas9 in 2013 (Qi et al., 2013). The basic
principle of CRISPRI is fusion of endonuclease-deficient dCas9 (holding
recognition function) with a repressor domain (such as KRAB), which
can specifically repress transcription of target gene (Gilbert et al.,
2013). CRISPRa can be activate transcription of target gene by fusing a
transcriptional activator (such as VP16) to dCas9(Gilbert et al., 2014).
Both CRISPRi and CRISPRa have been important tools for gene reg-
ulation (La Russa and Qi, 2015), which is essential to investigate gene
function and mechanism. CRISPR-Cas9 system can be completed in cells
by plasmid transfection (Ran et al., 2014). In the study, we achieved
knockdown and overexpressed effect of KDM6B with CRISPRi and



A. Sui et al.
us7
9 [ BconmCRISPRIECRISPRa
*

w 6
5
o
£
b3
5}
X

3

*
I o == =8

1gG Anti-KDM6B Anti-H3K27me3

Neurochemistry International 124 (2019) 123-129

U251
12 DOCon[OCRISPRIEICRISPRa
.

w8
3
Q
£
b
o
2

4

.
N =

1gG Anti-KDM6B Anti-H3K27me3
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CRISPRa by plasmid transfection, respectively. The negative correlation
between KDM6B content and H3K27me3 level also proved that both
technologies are feasible for studying the function of KDM6B.

Previous studies have shown that KDM6B is associated with a
variety of cancers (Perrigue et al., 2016), especially in metastasis pro-
cess. In melanoma, KDM6B expression was positively correlated with
malignant grades, and KDM6B can promote melanoma metastasis (Park
et al., 2016). In hepatocellular carcinoma, levels of KDM6B were cor-
related inversely with patient survival, and the overexpression of
KDM6B induced invasive migration of hepatocellular carcinoma cells
(Tang et al., 2016). Additionally, KDM6B expression was also higher in
metastatic prostate cancer and renal cell carcinoma (Xiang et al., 2007;
Li et al., 2015). Both U87 and U251 are widely used as human glio-
blastoma cells (Li et al., 2017; Qian et al., 2017), although U87 is a cell
line whose origin remains unclear (Allen et al., 2016). Our results in-
dicated that KDM6B promote cell migration and invasion of U87 and
U251, two typical cell behaviors of malignant glioma. It further con-
firmed that KDM6B is also an important promoting factor for glioma
metastasis.

Epithelial-mesenchymal transition (EMT) is a basic process of
morphogenesis and organ development, which also involved in cancer
progression and metastasis (Ribatti, 2017). Many studies have demon-
strated that KDM6B can promote EMT and upregulate EMT related
genes’ expression, such as SNAIT1 and SLUG (Ramadoss et al., 2012;
Tang et al., 2016; Li et al., 2015). Our data further proved the con-
clusion in glioma cells. The knockdown and overexpression assays ob-
viously suggested that SNAII expression is dependent on KDM6B.
Previous researches have revealed that SNAI1 is up-regulated in glioma
tissues (Dong et al., 2014), and involved in the proliferation and mi-
gration of glioblastoma cells (Han et al., 2011). Research also showed
that SNAII plays an oncogenic role in glioblastoma by promoting EMT
(Myung et al., 2014). Therefore, our results further suggested that in-
creasing SNAI1 expression may be regarded as one of the reasons for
promoting glioma cell migration.

KDMB6B is an important transcription activator. KDM6B can pro-
mote RNA polymerase II progression and transcriptional elongation
(Chen et al., 2012; Estaras et al., 2013), by which KDM6B facilitates
transcriptional activation. As a histone demethylase, KDM6B also cat-
alyzes the demethylation of repressive mark H3K27me3, so further
upregulates gene expression (Kruidenier et al., 2013; Ntziachristos

High expression

128

Fig. 7. The model of KDM6B promoting SNAI1 expres-
sion. Lack of KDM6B, RNA polymerase (RNAP) and tran-
scription factor (TP) can only increase moderately expression
of SNAII. The recruitment of KDM6B can achieve high SNAI1
expression by catalyzing H3K27me3 demethylation and ac-

SNAITmRNA  tivating RNAP activity.

et al.,, 2014). ChIP data showed that KDM6B not only accelerates
transcription by binding the promoter region of SNAII, but also re-
moves inhibition by reducing H3K27me3 levels. These data further
confirmed KDM6B has regulatory role on SNAI1 expression. Collec-
tively, our study reveals a regulatory mechanism by KDM6B to increase
SNAII expression (Fig. 7), which may be one of the mechanisms of
KDMB6B involvement in glioma metastasis.

Previous researches have showed that deregulation of KDM6B may
contribute to gliomagenesis (Ene CI et al., 2012; Perrigue et al., 2015).
It also indicated that KDM6B is important for the maintenance of self-
renewal of glioblastoma stem cells (Sherry-Lynes et al., 2017). So, in-
hibition of KDM6B can be considered as a therapeutic strategy for
glioma (Hashizume et al., 2014; Sui et al., 2017). It means that this
study is of great significance for glioma treatment, especially malignant
glioma.

5. Conclusion

In this study, we firstly performed CRISPRi/CRISPRa assay to
achieve the expression regulation of histone demethylase KDMG6B.
Then, we proved that the promoting role of KDM6B in glioma cell
proliferation, migration and invasion. Finally, we demonstrated that
KDM6B can promote SNAII expression by reducing H3K27me3 levels.
These results are helpful in understanding the metastatic mechanism of
glioma, and also provide an important target for glioma treatment.
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